Novel features of the Sfh3 fold. While the core fold is conserved between Sec14 and Sfh3, there are significant conformational differences between the Sec14 and Sfh3 'open' structures. One major distinction between the Sec14/Sfh1-and Sfh3-fold involves the string motif. This substructure lies behind the -sheet floor of the lipid-binding pocket of Sec14-like proteins and, for Sfh3, is extended relative to Sec14/Sfh1 by an extra -strand (B 6 ) and two helices (Suppl. Fig. S2A ). Another notable Sfh3 feature is that interpretable electron density for the N-terminal half of helix A 7 ( 210 VPGNSKIP 217 ) was missing from the electron density map (Suppl. Fig. S2B ). In apo-Sec14 and holo-Sfh1 structures, the corresponding motif is well-ordered and produces a pronounced bend in the cognate helix (Sha et al., 1998; Schaaf et al., 2008) . The presumed conformational flexibility of the Sfh3 210 VPGNSKIP 217 motif renders the lipid-binding pocket wider and shallower than those of the PtdIns/PtdCho-binding proteins Sec14 and Sfh1 (Suppl. Schaaf et al., 2011) . Sfh3 L 158 and L 181 correspond to Sec14 Y 124 and Y 153 (Suppl. Fig.   S3D ). These Sfh3 Leu side-chains cannot engage in cation- interactions with the choline 4 headgroup. Consistent with these divergent structural features, no PtdCho transfer activity was detected for Sfh3 (Suppl. Fig. S3E ). The conservation of these signature Leu residues among Sfh3 orthologous suggests an important functional role for these residues. To determine whether these divergent residues are required for Sfh3 biological activity, each was converted to the corresponding Sec14 residue. Whereas Sfh3 Lipids, Alabaster, AB) (500 ng, and 50 ng, respectively) were added after addition of 2 ml PBS.
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Novel features of the Sfh3 fold. While the core fold is conserved between Sec14 and Sfh3, there are significant conformational differences between the Sec14 and Sfh3 'open' structures. One major distinction between the Sec14/Sfh1-and Sfh3-fold involves the string motif. This substructure lies behind the -sheet floor of the lipid-binding pocket of Sec14-like proteins and, for Sfh3, is extended relative to Sec14/Sfh1 by an extra -strand (B 6 ) and two helices (Suppl. Fig. S2A ). Another notable Sfh3 feature is that interpretable electron density for the N-terminal half of helix A 7 ( 210 VPGNSKIP 217 ) was missing from the electron density map (Suppl. Fig. S2B ). In apo-Sec14 and holo-Sfh1 structures, the corresponding motif is well-ordered and produces a pronounced bend in the cognate helix (Sha et al., 1998; Schaaf et al., 2008) . The presumed conformational flexibility of the Sfh3 210 VPGNSKIP 217 motif renders the lipid-binding pocket wider and shallower than those of the PtdIns/PtdCho-binding proteins Sec14 and Sfh1 (Suppl. stabilize the buried choline moiety via cation- interactions (Schaaf et al., 2008) . The Sfh3 residues which correspond to Sec14 residues S 175 and T 177 are L 195 and L 197 (Suppl. Fig. S3D ), and the bulky Leu side-chains are incompatible with PtdCho binding by the Sec14/Sfh1 on steric grounds (Schaaf et al., 2008; Schaaf et al., 2011) . Sfh3 L 158 and L 181 correspond to Sec14 Y 124 and Y 153 (Suppl. Fig.   S3D ). These Sfh3 Leu side-chains cannot engage in cation- interactions with the choline headgroup. Consistent with these divergent structural features, no PtdCho transfer activity was detected for Sfh3 (Suppl. Fig. S3E ). The conservation of these signature Leu residues among Sfh3 orthologous suggests an important functional role for these residues. To determine whether these divergent residues are required for Sfh3 biological activity, each was converted to the Chromatographic separations were carried out using a normal phase Phenomenex Luna 5 μm particle size, 150 mm x 2 mm id silica column. Total flow into the mass spectrometer (AB Sciex 4000 QTRAP linear ion trap quadrupole mass spectrometer, Thornhill, Ontario, Canada) is 0.2mL/min. A linear normal phase solvent gradient system was generated using 100% isooctane (mobile phase A) and mobile phase B, MTBE/isooctane (1/1) from 8% mobile phase B for the first 7 min, then raised to 30% from 7 min to 25 min, then raised from 30% to 90% from 25 min to 29min and held at 90% mobile phase B for 2 min. The column was then re-equilibrated back to 8% mobile phase B. For separations 1 μL samples were injected onto the column using an autosampler.
Neutral lipids were analyzed, as ammonium adduct ions, using electrospray ionization conditions in positive ion mode. A 10 mM ammonium acetate (95% acetonitrile/5% water) solution was introduced post-column just prior to the electrospray interface at a flow-rate of 0.030 mL/min as previously described (Hutchins et al., 2008) . For quantitative analysis of the ergosteryl esters, specific MRM experiments for each molecular species were carried out during the first 5 min of the HPLC separation, and the ratio of the abundance of the MRM transition converted to nmoles using the signal of the internal standard and a previously determined standard curve (Hutchins et al., 2008) . A separate aliquot was used to determine the specific ergosteryl esters present in the LD extract using the ion trap function to detect [M+NH4]+ followed by collisional activation. Each ergosteryl ester yielded a common product ion as the most abundant product ion at m/z 379.3. The TAG molecular species were quantitated from the abundance of the [M+NH4]+ recorded in full mass scanning mode from m/z 700-1000 after the first 5 min of the HPLC separation, as previously described (Hutchins et al., 2008) .
Phospholipidomics. LDs were purified and frozen in liquid nitrogen before lipid extraction and analysis. Glycerophospholipids from yeast LDs were extracted using a modified Bligh and Dyer procedure (Bligh and Dyer, 1959) . LDs isolated from an equivalent of 10 9 cells were homogenized in 800 μl of ice-cold 0.1N HCl:CH3OH (1:1) by vortexing for about 1 min on ice with addition of 100μl acid-washed glass beads (0.5 mm glass beads, Biospec Products, Inc. Bartlesville, OK).
Suspension was then transferred to cold 1.5 ml Eppendorf tubes and mixed with 400μl of cold CHCl3 for 1 min. The extraction proceeded with centrifugation (5 min, 4°C, 18,000 x g) to separate the two phases. Lower organic layer was collected, and solvent evaporated under a stream of N 2 gas.
The resulting lipid film was dissolved in 100μl of isopropanol:hexane:100mM NH4COOH(aq) 58:40:2 (mobile phase A). Quantification of glycerophospholipids was achieved using an LC-MS technique employing synthetic (non-naturally occurring) diacyl and lysophospholipid standards.
Typically, 200ng of each odd-carbon standard was added to each sample. Glycerophospholipids were analyzed on an Applied Biosystems/MDS SCIEX 4000 Q TRAP hybrid triple quadrupole/linear ion trap mass spectrometer (Applied Biosystems, Foster City, CA, USA) and a Shimadzu high pressure liquid chromatography system with a Phenomenex Luna Silica column (2 × 250 mm, 5-μm particle size) using a gradient elution as previously described (Ivanova et al., 2007; Myers et al., 2011) . The identification of the individual species by LC/MS/MS was based on their chromatographic and mass spectral characteristic. These analyses allowed identification of the fatty acid moieties but did not determine their position on the glycerol backbone (sn-1 versus sn-2).
Phospholipase D activity measurements. PLD activities were measured by assaying release of free choline into growth medium using a coupled choline oxidase assay as described (Xie et al., 2001 ). Yeast were cultured at 26C in minimal defined choline-free Wickerham's medium supplemented with inositol (100M). Cells were pelleted, washed with water, and resuspended in fresh choline-free medium at 37C. After three hours, cells were pelleted, the culture supernatants collected, and supernatants passed through a 0.45-micron pore-size filter. Choline contents of supernatant samples were determined by a coupled reaction where the H2O2 formed as product of choline oxidation by choline oxidase was reacted with aminoantipyrine and phenol to form quinoneimine (Warnick, 1986) . Quinoneimine was quantified spectrophotometrically at 490 nm, and choline standards were used in converting A490 measurements to absolute choline concentrations. Supplemental Table S1 . Sporulation efficiencies as a function of Sfh3 levels.
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Supplemental Table S2 . Sporulation efficiency vs. meiotic division efficiency.
Supplemental Table S3 . The phospholipid compositions are shown for LDs purified from WT, Sfh3OE, and sfh3strains as indicated (n=3 per strain), and are expressed as mol% for each phospholipid species (PA, phosphatidic acid; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PG,phosphatidylglycerol; PI, phosphatidylinositol; PS, phosphatidylserine).
Supplemental Table S4 . The mol% for each ergosteryl ester molecular species is provided for LDs purified from WT, sfh3and Sfh3OE strains, as indicated.
Supplemental Table S5 . The mol% for each TAG molecular species is provided for LDs purified from WT, sfh3 and Sfh3OE strains, as indicated.
Supplemental Table S1 . Sporulation efficiencies as a function of Sfh3 levels. 
The diploid is generated by crossing BY4741 with BY4742. Sporulation efficiencies were assessed after 5 days in sporulation medium as described by Neiman (1998). Minimally, 600 cells were counted for each strain over three independent experiments. The final sporulation efficiencies counted asci with 2, 3 or 4 mature spores. The diploid is generated by crossing BY4741 with BY4742. Both sporulation efficiencies and percentages of cells undergoing meiosis II were assessed after 24 and 48 hours in sporulation medium as described by Neiman (1998).
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Minimally, 600 cells were counted for each strain over three independent experiments. The final sporulation efficiencies counted asci with 2, 3 or 4 mature spores.
Supplemental Table S3 . Phospholipid composition of purified LDs. Phospholipids were extracted from purified LDs, subjected to mass spectrometry, and identified. Phospholipid molecular species and corresponding mol percentages for each are listed. Triacylglycerols (TAGs) were extracted from purified LDs, subjected to mass spectrometry, and identified. TAG molecular species and corresponding mol percentages for each are listed.
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